Semiconductor scintillators based on ZnSe crystals are an attractive choice for radiation detectors in X-ray medical and industrial tomography and many other applications [1] . ZnSe has an efficient defect-related radiative recombination channel resulting in emission of photons with energies below the band gap. This emission is weakly absorbed in the crystal and is convenient for detection (peak wavelength at ~620 nm). The emission can be enhanced by thermal annealing and doping with isoelectronic impurities, which serves for stabilization of certain defect complexes [2, 3] . These issues were addressed in our work. In addition, we studied whether the emission efficiency can be further improved by doping ZnSe with rare earth elements.
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Emission characteristics were studied by using photoluminescence (PL) spectroscopy and the frequency domain fluorescence lifetime measurement (FDFL) technique. In FDFL measurements, light emitting diodes (LEDs) were used as an excitation source. Modulation of LED output up to frequencies of 200 MHz enabled us to extract the luminescence decay function within a wide time range from milliseconds to subnanoseconds. It is worth noting that the FDFL experiments were carried out at extremely low excitation power densities (down to 1 mW/cm 2 ). This excitation regime is informative for study of recombination mechanisms as well as typical for performance of real scintillator operating in sensitive radiation detectors.
ZnSe samples with and without isoelectronic doping with tellurium and oxygen as well as Al-doped samples were prepared for the comparative study. All samples without annealing exhibited a poor emission efficiency, which drastically increased with thermal treatment. Additional impurities of Sm and Ce were introduced in certain samples. Since oxygen and sulfur may act as isoelectronic impurities in ZnSe, both Sm 2 O 3 and Sm 2 S 3 were used as sources for samarium doping. The samarium source has no significant effect on emission intensity, but has a strong influence on emission lifetime.
The PL decay in all samples in the set under study can be described by a biexponential function. Approximately 80% of the emission decays with characteristic decay time ranging from 5 to 25 µs, while the second decay component has a characteristic decay time in the range from 1 to 4 µs.
The highest emission intensity was achieved in ZnSe samples doped by O, Al and Sm. We demonstrated that a proper introduction of rare earth impurities into ZnSe single crystals is a prospective approach to improve efficiency of ZnSe-based scintillators.
